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(57) ABSTRACT

The vertical movement cycle and trajectory inclination angle
ofa cutter are switched so that when a main spindle is moving
downward, a head is moved to position the cutter at a machin-
ing location, and the cutter is lowered rectilinearly; that when
the main spindle is moving upward, the head is moved to
position the cutter at a withdrawal location; that, when an
external gear is to be generated by cutting, relieving means for
rectilinearly raising the cutter cause the machining location to
be positioned on one radial side of the cutter and move the
cutter downward parallel to the axis of a workpiece; and that
when an internal gear is to be generated by cutting, said
relieving means cause the machining location to be posi-
tioned on the other radial side of the cutter and move the cutter
downward parallel to the axis of the workpiece.
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1
GEAR SHAPING MACHINE

TECHNICAL FIELD

The present invention relates to a gear shaping machine
configured to manufacture a gear through generating cutting
of'external teeth and internal teeth in a workpiece by means of
apinion cutter, and is significantly effective particularly when
applied to a type of machine configured to manufacture a
large external gear or a large internal gear through generating
cutting on a large workpiece.

BACKGROUND ART

FIG. 7 shows a schematic configuration of a main part of an
exemplary conventional gear shaping machine (gear shaper)
configured to manufacture a large external gear and a large
internal gear through generating cutting of external teeth and
internal teeth in a large workpiece by means of'a pinion cutter.

As shown in FIG. 7, a cutter head 12 is disposed inside a
housing 11, and a proximal side of the cutter head 12 is
supported pivotally so that a distal side thereof may be swing-
able. A main spindle 13 is disposed in the cutter head 12 and
penetrates therethrough with its distal side projected. The
main spindle 13 is supported to be slidable in the axial direc-
tion, i.e., movable vertically, and also rotatable in the circum-
ferential direction, relative to the cutter head 12. The main
spindle 13 has its distal side projected from the inside of the
housing 11, and a pinion cutter 14 is coaxially attached to the
distal end.

The inner side of an annular external gear (unillustrated) is
coaxially spline-coupled to the outer surface of the main
spindle 13 so that rotation in the circumferential direction
relative to the main spindle 13 may be restricted but move-
ment in the axial direction relative to the main spindle 13 can
be permitted. The external teeth on the external gear are
meshing directly or indirectly with a drive gear (unillustrated)
coaxially coupled to a drive shaft of an unillustrated drive
source for rotation.

Specifically, when the drive shaft of the drive source for
rotation is rotated, the main spindle 13 can be moved verti-
cally relative to the cutter head 12 while being rotated in the
circumferential direction through the drive gear, the external
gear, and the like.

A distal side of a rod 15 is coupled to the proximal side of
the main spindle 13 through a universal joint (unillustrated).
A proximal side of the rod 15 is pivotally coupled to a distal
side of a crank 16. A proximal side of the crank 16 is coupled
to a drive shaft of an unillustrated drive source for vertical
movement.

Specifically, as the drive shaft of the drive source for ver-
tical movement is rotated, the crank 16 is rotated about its
proximal side to swing its distal side. As transmitted through
the rod 15 and the universal joint, the rotation can vertically
move the main spindle 13 relative to the cutter head 12
together with the rotation in the circumferential direction.

A distal side of a rod 17 is coupled to the distal side of the
cutter head 12 in such a way as to be pivotable in the same
direction as that of the swing of the cutter head 12 about a
swing shaft thereof. A proximal side of the rod 17 is pivotally
coupled to adistal side of a link 18. A proximal side ofthe link
18 is coupled to a pivotally supported support shaft 19
through an unillustrated clamp mechanism. The link 18 can
be rotated together with the support shaft 19 by closing the
clamp mechanism, and can be rotated freely from the support
shaft 19 by opening the clamp mechanism.
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A proximal side of a lever 20 is integrally coupled to the
support shaft 19. A cam 21 coupled to a drive shaft of an
unillustrated drive source for relief is disposed on a distal side
of the lever 20. The distal side of the lever 20 is biased by
biasing means (unillustrated) to be always in contact with the
cam surface of the cam 21.

Specifically, as the clamp mechanism is closed and the
drive shaft of the drive source for relief'is rotated, the lever 20
turns the support shaft 19 and swings the distal side of the link
18 in a way corresponding to the cam surface of the cam 21
having a predetermined profile, and thereby swings the distal
side of the cutter head 12 through the rod 17. Accordingly, the
position of the distal side of the main spindle 13, i.e. the
position of the pinion cutter 14 can be swung and switched
between a machining position at which the pinion cutter 14
contacts the workpiece and a relieved position at which the
pinion cutter 14 is away from the workpiece.

Next, operations of the conventional gear shaping machine
10 configured as above will be described based on FIGS. 8
and 9.

As shown in FIG. 8, in a case of generating external teeth in
a disk-shaped workpiece 1A, firstly, the clamp mechanism is
opened, and the link 18 is pivoted about the support shaft 19
such that the distal side of the link 18 may be located at an
upper, external-tooth machining position. Then, the clamp
mechanism is closed to integrally fix the link 18 to the support
shaft 19.

Subsequently, the drive source for rotation, the drive source
for vertical movement, and the drive source for relief are
actuated to rotate their drive shafts, and also an unillustrated
table supporting the workpiece 1A is rotated. Along with the
actuation of the drive source for rotation, the pinion cutter 14
is rotated through the gears and the main spindle 13. More-
over, along with the actuation of the drive source for vertical
movement, the pinion cutter 14 is moved down in parallel
with the axis of the workpiece 1A through the crank 16, the
rod 15, the universal joint, and the main spindle 13. As a
result, an external tooth is generated in a portion, in the
circumferential direction, of the outer surface of the work-
piece 1A (Parts A to C of FIG. 8).

Then, as the pinion cutter 14 is moved down to its lower-
most position, the distal side of the lever 20 is pushed down
along with the rotation of the cam 21 by the actuation of the
drive source for relief. This turns the support shaft 19 and
swings the distal side of the link 18 in a direction toward a
radially outer side of the workpiece 1A (counterclockwise in
FIG. 8), thereby moving the distal side of the cutter head 12
through the rod 17 in a direction away from the outer surface
of the workpiece 1A (leftward in FIG. 8). As a result, the
pinion cutter 14 is moved away from the outer surface of the
workpiece 1A through the main spindle 13 so as to be located
atthe relieved position at the other side in the radial direction
(left side in FIG. 8), and is also moved up along an arc path
(relieving: Part D of FIG. 8).

Then, as the pinion cutter 14 is moved up to its uppermost
position, the biasing force of the biasing means based on the
rotation of the cam 21 brings the distal side of the lever 20
back to the initial position. This swings the distal side of the
link 18 through the support shaft 19 in a direction toward a
radially inner side of the workpiece 1A (clockwise in FIG. 8)
and moves the distal side of the cutter head 12 through the rod
17 in a direction to approach the outer surface of the work-
piece 1A (rightward in FIG. 8). As a result, through the main
spindle 13, the pinion cutter 14 approaches the outer surface
of the workpiece 1A so as to be located at the machining
position at one side in the radial direction (right side in FIG.
8), and also the pinion cutter 14 is again moved down in
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parallel with the axis of the workpiece 1A. Along with this,
the table is rotated, so that another external tooth is continu-
ously generated in the outer surface of the workpiece 1A
adjacently to the last generated external tooth (Parts A to C of
FIG. 8).

By repeating the above-described operations subsequently,
external teeth can be generated in the outer surface of the
workpiece 1A over the entire circumferential length thereof.

On the other hand, as shown in FIG. 9, in a case of gener-
ating internal teeth in an annular workpiece 1B, firstly, the
clamp mechanism is opened, and the link 18 is pivoted about
the support shaft 19 such that the distal side of the link 18 may
be located at a lower, internal-tooth machining position.
Then, the clamp mechanism is closed to integrally fix the link
18 to the support shaft 19.

Subsequently, as in the case of external tooth machining,
the drive source for rotation, the drive source for vertical
movement, and the drive source for relief are actuated to
rotate their drive shafts, and also an unillustrated table sup-
porting the workpiece 1B is rotated. Along with the actuation
of'the drive source for rotation, the pinion cutter 14 is rotated
through the gears and the main spindle 13. Moreover, along
with the actuation of the drive source for vertical movement,
the pinion cutter 14 is moved down in parallel with the axis of
the workpiece 1B through the crank 16, the rod 15, the uni-
versal joint, and the main spindle 13. As a result, an internal
tooth is generated in a portion, in the circumferential direc-
tion, of the inner surface of the workpiece 1B (Parts A to C of
FIG. 9).

Then, as the pinion cutter 14 is moved down to its lower-
most position, the distal side of the lever 20 is pushed down
along with the rotation of the cam 21 by the actuation of the
drive source for relief. This turns the support shaft 19 and
swings the distal side of the link 18 in a direction toward a
radially inner side of the workpiece 1B (counterclockwise in
FIG. 9), thereby moving the distal side of the cutter head 12
through the rod 17 in a direction away from the inner surface
of the workpiece 1B (rightward in FIG. 9). As a result, the
pinion cutter 14 is moved away from the inner surface of the
workpiece 1B through the main spindle 13 so as to be located
at the relieved position at the one side in the radial direction
(right side in FIG. 9), and is also moved up along an arc path
(relieving: Part D of FIG. 9).

Then, as the pinion cutter 14 is moved up to its uppermost
position, the biasing force of the biasing means based on the
rotation of the cam 21 brings the distal side of the lever 20
back to the initial position. This swings the distal side of the
link 18 through the support shaft 19 in the direction toward the
radially inner side of the workpiece 1B (clockwise in FIG. 9)
and moves the distal side of the cutter head 12 through the rod
17 in a direction to approach the inner surface of the work-
piece 1B (leftward in FIG. 9). As a result, through the main
spindle 13, the pinion cutter 14 approaches the inner surface
of the workpiece 1B so as to be located at the machining
position at the other side in the radial direction (left side in
FIG. 9), and also the pinion cutter 14 is again moved down in
parallel with the axis of the workpiece 1B. Along with this,
the table is rotated, so that another internal tooth is continu-
ously generated in the inner surface of the workpiece 1B
adjacently to the last generated internal tooth (Parts A to C of
FIG. 9).

By repeating the above-described operations subsequently,
internal teeth can be generated in the inner surface of the
workpiece 1B over the entire circumferential length thereof.

Thus, in the gear shaping machine 10, external teeth can be
generated in the disk-shaped workpiece 1A, and internal teeth
can be generated in the annular workpiece 1B, as a matter of
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course. In addition to this, the link 18 may be pivoted to locate
the distal side of the link 18 at the upper, external-tooth
machining position or the lower, internal-tooth machining
position, and therefore the machining position and the
relieved position of the pinion cutter 14 at the one and the
other sides in the radial direction can be switched between the
case of external tooth generation (when the right side of the
pinion cutter 14 in FIG. 8 is the machining position) and the
case of internal tooth generation (when the left side of the
pinion cutter 14 in FI1G. 9 is the machining position). Accord-
ingly, the position of the workpiece 1A for external tooth
generation and the position of the workpiece 1B for internal
tooth generation relative to the main spindle 13 do not need to
differ greatly from each other. Even when the workpieces 1A
and 1B are large (e.g. several meters in diameter), a single
machine can perform both external tooth generation and
internal tooth generation without a major overhang of the
main spindle 13 and the like.

CITATION LIST
Patent Literatures

Patent Literature 1: Japanese Utility Model Registration
Application Publication No. Sho 50-015888

Patent Literature 2: Japanese Patent Application Publication
No. 2004-154921

SUMMARY OF INVENTION
Technical Problem

Meanwhile, in the above-described conventional gear
shaping machine 10, the machining position and the relieved
position of the pinion cutter 14 at the one and the other sides
in the radial direction are switched between the case of exter-
nal tooth generation and the case of internal tooth generation
by pivoting the link 18 to switch the distal side of the link 18
between the upper, external-tooth machining position and the
lower, internal-tooth machining position, as described earlier.
Thus, the distal side of the cutter head 12 is largely swung
during the switching, as shown in FIG. 10.

For this reason, a space large enough to permit the swing of
the cutter head 12 in the switching needs to be secured inside
the housing 11, thereby increasing the size of the housing 11.

Further, since the main spindle 13 projected from the inside
of the housing 11 is largely swung as well, a large opening
11a for allowing the swing of the main spindle 13 in the
switching needs to be formed in the housing 11, as shown in
FIG. 11. Thus, various means for preventing the entry of
foreign matters, such as cutting oil and chips, need to be
provided. This has been one of the causes of cost increase.

In view of this, an object of the present invention is to
provide a gear shaping machine capable of reducing the width
of swing of a cutter head, which occurs during the switching
between external tooth generation and internal tooth genera-
tion, to a small width.

Solution to Problem

A gear shaping machine according to a first aspect of the
invention for solving the problems is a gear shaping machine
configured to manufacture a gear through generating cutting
of'external teeth and internal teeth in a workpiece by means of
a pinion cutter, characterized in that the gear shaping machine
comprises: a main spindle, to a distal end of which the pinion
cutter is attached; a cutter head on which the main spindle is
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rotatably and vertically movably supported with a distal side
of the main spindle projected from a distal side of the cutter
head, and which is pivotally supported at a proximal side
thereof; rotationally driving means for rotationally driving
the main spindle; vertically moving means for vertically mov-
ing the main spindle; and relieving means for, during down-
ward movement of the main spindle, swinging the distal side
of'the cutter head in such a way that the pinion cutter is located
ata machining position at which the pinion cutter contacts the
workpiece, and moving the pinion cutter straightly down-
ward, and, during upward movement of the main spindle,
swinging the distal side of the cutter head in such a way that
the pinion cutter is located at a relieved position away from
the workpiece, and moving the pinion cutter straightly
upward, and the relieving means switches a cycle of the
vertical movement of the pinion cutter and an inclination
angle of a path of the movement of the pinion cutter with
respectto an axis of the workpiece in such a way that, ina case
of generating cutting of external teeth in the workpiece, the
machining position is located at one side in a radial direction
of'the pinion cutter and the pinion cutter is moved downward
in parallel with the axis of the workpiece, and, in a case of
generating cutting of internal teeth in the workpiece, the
machining position is located at the other side in the radial
direction of the pinion cutter and the pinion cutter is moved
downward in parallel with the axis of the workpiece.

A gear shaping machine according to a second aspect of the
invention is the gear shaping machine according to the first
aspect of the invention characterized in that the relieving
means includes a cam provided rotatably and having a cam
surface with a predetermined profile, a lever pivotally sup-
ported in such a way that one side thereof'is swingable and the
other side thereof is always in contact with the cam surface of
the cam, and a swing unit one side of which is pivotally
coupled to the cutter head and configured to be positioned and
fixed to any one of two positions at one and the other sides in
apivoting direction, while the other side of which is pivotally
coupled to the one side of the lever.

A gear shaping machine according to a third aspect of the
invention is the gear shaping machine according to the second
aspect of the invention characterized in that the swing unit
includes an arm one side of which is pivotally coupled to the
cutter head while the other side of which is positionable and
fixable to any one of the two positions at the one and the other
sides in the pivoting direction, and a rod one side of which is
pivotally coupled to the other side of the arm while the other
side of which is pivotally coupled to the one side of the lever.

Advantageous Effect of Invention

Inthe gear shaping machine according to the present inven-
tion, the cycle of the vertical movement of the pinion cutter
and the inclination angle of the path of the movement of the
pinion cutter with respect to the axis of the workpiece can be
switched such that the pinion cutter is moved down in parallel
with the axis of the workpiece and moved up without inter-
fering with the workpiece respectively at the machining posi-
tion and the relieved position of the pinion cutter. Accord-
ingly, the width of swing of the cutter head, which occurs
during the switching between external tooth generation and
internal tooth generation, can be reduced to a small width.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 is a schematic configuration diagram of a main part
of'amain embodiment of a gear shaping machine according to
the present invention.
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FIG. 2 is a diagram describing an operation in external
tooth generation by the gear shaping machine in FIG. 1.

FIG. 3 is a diagram describing an operation in internal
tooth generation by the gear shaping machine in FIG. 1.

FIG. 4 is a diagram describing an operation in the switch-
ing of the machining position of a pinion cutter of the gear
shaping machine in FIG. 1.

FIG. 5 is a diagram viewed in the direction of the arrows V
in FIG. 4.

Part Al of FIG. 6 is a diagram describing the path of
movement of the pinion cutter during the external tooth gen-
eration by the gear shaping machine in FIG. 1. Part AIl of
FIG. 6 is a diagram describing the path of movement of the
pinion cutter during the internal tooth generation by the gear
shaping machine in FIG. 1. Part BI of FIG. 6 is a diagram
describing the path of movement of a pinion cutter during
external tooth generation by an exemplary conventional gear
shaping machine. Part BII of FIG. 6 is a diagram describing
the path of movement of the pinion cutter during internal
tooth generation by the exemplary conventional gear shaping
machine.

FIG. 7 is a schematic configuration diagram of a main part
of'the exemplary conventional gear shaping machine.

FIG. 8 is a diagram describing an operation in external
tooth generation by the gear shaping machine in FIG. 7.

FIG. 9 is a diagram describing an operation in internal
tooth generation by the gear shaping machine in FIG. 7.

FIG. 10 is a diagram describing an operation in the switch-
ing of the machining position of a pinion cutter of the gear
shaping machine in FIG. 7.

FIG. 11 is a diagram viewed in the direction of the arrows
XIin FIG. 10.

DESCRIPTION OF EMBODIMENT

Hereinbelow, an embodiment of a gear shaping machine
according to the present invention will be described based on
the drawings. However, the present invention is not limited to
the following embodiment described based on the drawings.

Main Embodiment

A main embodiment of the gear shaping machine accord-
ing to the present invention will be described based on FIGS.
1to 6.

As shown in FIG. 1, a cutter head 112 is disposed inside a
housing 111, and a proximal side of the cutter head 112 is
supported pivotally so that a distal side thereof may be swing-
able. A main spindle 113 is disposed in the cutter head 112
and penetrates therethrough with its distal side projected. The
main spindle 113 is supported to be slidable in the axial
direction, i.e., movable vertically, and also rotatable in the
circumferential direction relative to the cutter head 112. The
main spindle 113 has its distal side projected from the inside
of the housing 111, and a pinion cutter 114 is coaxially
attached to the distal end.

The inner side of an annular external gear (unillustrated) is
coaxially spline-coupled to the outer surface of the main
spindle 113 so that rotation in the circumferential direction
relative to the main spindle 113 may be restricted but move-
ment in the axial direction relative to the main spindle 113 can
be permitted. The external teeth on the external gear are
meshing directly or indirectly with a drive gear (unillustrated)
coaxially coupled to a drive shaft of an unillustrated drive
source for rotation.

Specifically, as the drive shaft of the drive source for rota-
tion is rotated, the main spindle 113 can be rotated in the
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circumferential direction through the drive gear, the external
gear, and the like together with vertical movement relative to
the cutter head 112. In this embodiment, the external gear, the
drive gear, the drive source for rotation, and the like form
rotationally driving means.

A distal side of a rod 115 is coupled to the proximal side of
the main spindle 113 through a universal joint (unillustrated).
A proximal side of the rod 115 is pivotally coupled to a distal
side of a crank 116. A proximal side of the crank 116 is
coupled to a drive shaft of an unillustrated drive source for
vertical movement.

Specifically, as the drive shaft of the drive source for ver-
tical movement is rotated, the crank 116 is rotated about its
proximal side to swing its distal side. As transmitted through
the rod 115 and the universal joint, the rotation can vertically
move the main spindle 113 relative to the cutter head 112
together with the rotation in the circumferential direction. In
this embodiment, the universal joint, the rod 115, the crank
116, the drive source for vertical movement, and the like form
vertically moving means.

A proximal side (one side) of an arm 118 is coupled to the
distal side of the cutter head 112 in such a way as to be
pivotable in the same direction as that of the swing of the
cutter head 12 about a swing shaft thereof. The proximal side
(one side) of the arm 118 can be positioned and fixed to the
cutter head 112 in such a way that a distal side (the other side)
of the arm 118 can be switched only between two positions
and fixed thereto, the two positions including an external-
tooth machining position at one side in the pivoting direction
(right side in FIG. 1) and an internal-tooth machining position
at the other side (left side in FIG. 1). A distal side (one side)
of'a rod 117 is pivotally coupled to the distal side (the other
side) of the arm 118.

A proximal side (the other side) of the rod 117 is pivotally
coupled to a distal side (one side) of a lever 120 having a bent
portion bent in an L shape and pivotally supported. A cam 121
coupled to a drive shaft of an unillustrated drive source for
relief is disposed on a proximal side (the other side) of the
lever 120. The distal side (the other side) of the lever 120 is
biased by biasing means (unillustrated) to be always in con-
tact with the cam surface of the cam 121.

Specifically, as the drive shaft of the drive source for relief
is rotated, the lever 120 is swung in a way corresponding to
the cam surface of the cam 121 having a predetermined pro-
file, and thereby swings the distal side of the cutter head 112
through the rod 117 and the arm 118. Accordingly, the posi-
tion of the distal side of the main spindle 113, i.e. the position
of the pinion cutter 114 can be swung and switched between
a machining position at which the pinion cutter 114 contacts
the workpiece and a relieved position at which the pinion
cutter 114 is away from the workpiece.

In this embodiment, the rod 117, the arm 118, and the like
form a swing unit, and this swing unit, the lever 120, the cam
121, the biasing means, the drive source for relief, and the like
form relieving means.

Next, operations of a gear shaping machine 100 according
to this embodiment configured as above will be described
based on FIGS. 2 and 3.

As shown in FIG. 2, in a case of generating external teeth in
a disk-shaped workpiece 1A, firstly, the arm 118 is swung
clockwise in FIG. 2 so that the distal side of the arm 118 is
located at the external-tooth machining position (right side in
FIG. 2) and is positioned and fixed there. In addition, the
rotational phase of the cam 121 is set such that the cam 121
may be rotated at a vertical movement cycle for external tooth
machining.
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Subsequently, the drive source for rotation, the drive source
for vertical movement, and the drive source for relief are
actuated to rotate their drive shafts, and also an unillustrated
table supporting the workpiece 1A is rotated. Along with the
actuation ofthe drive source for rotation, the pinion cutter 114
is rotated through the gears and the main spindle 113. More-
over, along with the actuation of the drive source for vertical
movement, the pinion cutter 114 is moved down in parallel
with the axis of the workpiece 1A through the crank 116, the
rod 115, the universal joint, and the main spindle 113. As a
result, an external tooth is generated in a portion, in the
circumferential direction, of the outer surface of the work-
piece 1A (Parts A and B of FIG. 2).

Then, as the pinion cutter 114 is moved down to its lower-
most position, the proximal side of the lever 120 is pushed
down along with the rotation of the cam 121 by the actuation
of'the drive source for relief. This swings the distal side of the
lever 120 in a direction toward a radially outer side of the
workpiece 1A (counterclockwise in FIG. 2), thereby moving
the distal side of the cutter head 112 through the rod 117 and
the arm 118 in a direction away from the outer surface of the
workpiece 1A (leftward in FIG. 2). As a result, the pinion
cutter 114 is moved away from the outer surface of the work-
piece 1A through the main spindle 113 so as to be located at
the relieved position at the other side in the radial direction
(left side in FIG. 2), and is also moved up along a straight path
(relieving: Parts C and D of FIG. 2).

Then, as the pinion cutter 114 is moved up to its uppermost
position, the biasing force of the biasing means based on the
rotation of the cam 121 brings the proximal side of the lever
120 back to the initial position. This swings the distal side of
the lever 120 in a direction toward a radially inner side of the
workpiece 1A (clockwise in FIG. 2) and moves the distal side
of'the cutter head 112 through the rod 17 and the arm 118 in
a direction to approach the outer surface of the workpiece 1A
(rightward in FIG. 2). As a result, through the main spindle
113, the pinion cutter 114 approaches the outer surface of the
workpiece 1A so as to be located at the machining position at
one side in the radial direction (right side in FIG. 2), and also
the pinion cutter 114 is again moved down in parallel with the
axis of the workpiece 1A. Along with this, the table is rotated,
so that another external tooth is continuously generated in the
outer surface of the workpiece 1A adjacently to the last gen-
erated external tooth (Parts A and B of FIG. 2).

By repeating the above-described operations subsequently,
external teeth can be generated in the outer surface of the
workpiece 1A over the entire circumferential length thereof.

On the other hand, as shown in FIG. 3, in a case of gener-
ating internal teeth in the annular workpiece 1B, firstly, the
arm 118 is swung counterclockwise in FIG. 2 so that the distal
side of the arm 118 is located at the distal side of the arm 118
at the internal-tooth machining position (left side in FIG. 2),
and is positioned and fixed there. In addition, the rotational
phase of the cam 121 is set such that the cam 121 may be
rotated at a vertical movement cycle for internal tooth
machining, that is, with a 180-degree shift from the rotational
phase for external tooth machining.

Subsequently, as in the case of external tooth machining,
the drive source for rotation, the drive source for vertical
movement, and the drive source for relief are actuated to
rotate their drive shafts, and also an unillustrated table sup-
porting the workpiece 1B is rotated. Along with the actuation
of'the drive source for rotation, the pinion cutter 114 is rotated
through the gears and the main spindle 113. Moreover, along
with the actuation of the drive source for vertical movement,
the pinion cutter 114 is moved down in parallel with the axis
of the workpiece 1B through the crank 116, the rod 115, the
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universal joint, and the main spindle 113. As a result, an
internal tooth is generated in a portion, in the circumferential
direction, of the inner surface of the workpiece 1B (Parts A
and B of FIG. 3).

Then, as the pinion cutter 114 is moved down to its lower-
most position, the biasing force of the biasing means based on
the rotation of the cam 121 pushes up the proximal side of the
lever 120. This swings the distal side of the lever 120 in a
direction toward a radially inner side of the workpiece 1B
(clockwise in FIG. 3) and moves the distal side of the cutter
head 112 through the rod 117 and the arm 118 in a direction
away from the inner surface of the workpiece 1B (rightward
in FIG. 3). As a result, the pinion cutter 114 is moved away
from the inner surface of the workpiece 1B through the main
spindle 113 so as to be located at the machining position at the
one side in the radial direction (right side in FIG. 3), and is
also moved up along a straight path (relieving: Parts C and D
of FIG. 3).

Then, as the pinion cutter 114 is moved up to its uppermost
position, the proximal side of the lever 120 is pushed up back
to its initial position along with the rotation of the cam 121 by
the actuation of the drive source for relief. This swings the
distal side of the lever 120 in a direction toward a radially
outer side of the workpiece 1B (counterclockwise in FIG. 3)
and moves the distal side of the cutter head 112 through the
rod 17 and the arm 118 in a direction to approach the inner
surface of the workpiece 1B (leftward in FIG. 3). As a result,
through the main spindle 113, the pinion cutter 114
approaches the inner surface of the workpiece 1B so as to be
located at the machining position at the other side in the radial
direction (left side in FIG. 3), and also the pinion cutter 114 is
again moved down in parallel with the axis of the workpiece
1B. Along with this, the table is rotated, so that another
internal tooth is continuously generated in the inner surface of
the workpiece 1B adjacently to the last generated internal
tooth (Parts A and B of FIG. 3).

By repeating the above-described operations subsequently,
internal teeth can be generated in the inner surface of the
workpiece 1B over the entire circumferential length thereof.

Specifically, as shown in Parts Bl and BII of FIG. 6, in the
conventional gear shaping machine 10, the switching is per-
formed by inversing the path of the movement of the pinion
cutter 14, the path being defined by the predetermined profile
of'the cam surface of'the cam 21 in which a straight profile for
downward movement and an arc profile for upward move-
ment are combined, so that the pinion cutter 14 can be moved
down in parallel with the axis of the workpiece 1A/1B and
moved up without interfering with the workpiece 1A/1B
respectively at the machining position (right side in Part BI of
FIG. 6/left side in Part BIl of FIG. 6) and the relieved position
(left side in Part BI of FIG. 6/right side in Part BII of FIG. 6)
of the pinion cutter 14. In contrast, as shown in Parts Al and
All of FIG. 6, in the gear shaping machine 100 according to
this embodiment, the switching is performed by changing the
inclination angle of the path of the movement of the pinion
cutter 114 with respect to the axis of the workpiece 1A/1B, the
path being defined by the predetermined profile of the cam
surface of the cam 121 in which two straight profiles each
being a straight profile usable for both the downward move-
ment and the upward movement are combined, and by shift-
ing the rotational phase of the cam 121 by 180 degrees to
reverse the vertical movement cycle of the pinion cutter 114,
so that the pinion cutter 114 can be moved down in parallel
with the axis of the workpiece 1A/1B and moved up without
interfering with the workpiece 1A/1B respectively at the
machining position (right side in Part Al of FIG. 6/left side in
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10
Part AIl of FIG. 6) and the relieved position (left side in Part
Al of FIG. 6/right side in Part AIl of FIG. 6) of the pinion
cutter 114.

Thus, in the conventional gear shaping machine 10, since
the link 18 is largely pivoted in the top-bottom direction to
inverse the path of the movement of the pinion cutter 14, the
width of the swing of the cutter head 12, which occurs during
the switching between the external tooth generation and the
internal tooth generation, becomes large. In contrast, in the
gear shaping machine 100 according to this embodiment, the
switching only requires: rotating the cam 121 by 180 degrees
to switch the vertical movement cycle of the pinion cutter
114; and slightly swinging the distal side ofthe arm 118 in the
left-right direction to switch the inclination angle of the path
of the movement of the pinion cutter 114 with respect to the
axis of the workpiece 1A/1B, that is, swinging the cutter head
112 by an amount equivalent to the amount of movement
between the machining position and the relieved position of
the pinion cutter 114 (the amount of the relieving). Hence, the
width of the swing of the cutter head 112, which occurs
during the switching between the external tooth generation
and the internal tooth generation, can be made significantly
small as shown in FIG. 4.

Accordingly, in the gear shaping machine 100 according to
this embodiment, the space existing within the housing 111
only for permitting the swing of the cutter head 112 in the
switching can be made significantly small. Thus, the size of
the housing 111 can be reduced. Moreover, the width of the
swing of the main spindle 113 can be made significantly
small, so that an opening 111a through which the main
spindle 113 is projected from the inside of the housing 111
only needs to have a minimal required size. Hence, various
means for preventing the entry of foreign matters, such as
cutting oil and chips, can be made significantly simple, and
therefore cost reduction can be achieved.

INDUSTRIAL APPLICABILITY

The gear shaping machine according to the present inven-
tion is capable of reducing the amount of the swing of the
cutter head, which occurs during the switching between the
external tooth generation and the internal tooth generation, to
a small width. Thus, the size of the housing can be reduced.
Moreover, the opening through which the main spindle is
projected from the inside of the housing only needs to have a
minimal required size. Hence, various means for preventing
the entry of foreign matters, such as cutting oil and chips, can
be made significantly simple, and therefore cost reduction can
be achieved. Accordingly, the gear shaping machine accord-
ing to the present invention can be industrially utilized sig-
nificantly beneficially.

REFERENCE SIGNS LIST

1A workpiece (disk shape)
1B workpiece (annular shape)
100 gear shaping machine
111 housing

111a opening

112 cutter head

113 main spindle

114 pinion cutter

115 rod

116 crank

117 rod

118 arm

120 lever

121 cam
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The invention claimed is:

1. A gear shaping machine configured to manufacture a
gear through generating cutting of external teeth and internal
teeth in a workpiece by means of a pinion cutter, the gear
shaping machine comprising:

a main spindle, to a distal end of which the pinion cutter is

attached;

a cutter head on which the main spindle is rotatably and
vertically movably supported with a distal side of the
main spindle projected from a distal side of the cutter
head, and which is pivotally supported at a proximal side
thereof;

rotationally driving means for rotationally driving the main
spindle;

vertically moving means for vertically moving the main
spindle; and

relieving means for, during downward movement of the
main spindle, swinging the distal side of the cutter head
in such a way that the pinion cutter is located at a
machining position at which the pinion cutter contacts
the workpiece, and moving the pinion cutter straightly
downward, and, during upward movement of the main
spindle, swinging the distal side of the cutter head in
such a way that the pinion cutter is located at a relieved
position away from the workpiece, and moving the pin-
ion cutter straightly upward, wherein

the relieving means switches a cycle of the vertical move-
ment of the pinion cutter and an inclination angle of a
path of the movement of the pinion cutter with respect to
an axis of the workpiece in such a way that, in a case of

12

generating cutting of external teeth in the workpiece, the

machining position is located at one side in a radial

direction of the pinion cutter and the pinion cutter is
moved downward in parallel with the axis of the work-
piece, and, in a case of generating cutting of internal
teeth in the workpiece, the machining position is located
at the other side in the radial direction of the pinion cutter
and the pinion cutter is moved downward in parallel with
the axis of the workpiece,

the relieving means includes

a cam provided rotatably and having a cam surface with
a predetermined profile,

a lever pivotally supported in such a way that one side
thereof is swingable and the other side thereof is
always in contact with the cam surface of the cam, and

a swing unit one side of which is pivotally coupled to the
cutter head and configured to be positioned and fixed
to any one of two positions at one and the other sides
ina pivoting direction, while the other side of which is
pivotally coupled to the one side of the lever, and

the swing unit includes

an arm one side of which is pivotally coupled to the
cutter head while the other side of which is position-
able and fixable to any one of the two positions at the
one and the other sides in the pivoting direction, and

a rod one side of which is pivotally coupled to the other
side of the arm while the other side of which is pivot-
ally coupled to the one side of the lever.
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